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September 12. 1995

Mr. John Knudsen
Motorola Suellite Communications
~O1 South Price Road
Chandler. Arizona 8S248

Dear 10hn:

PoSi Office Box 6503' 1
Dellas. Tws 75265
7839 Churchill 'Nay
Dallas. r,XH 15251

DOCKET FILE COpy ORIGiNAl

I would like to thank you for provictinl me the opponunity to meet with David carron
and Richard Stone duriDJ Aupt to discuss the Local MUl1ipoint Disaibution Service
and the lridiom system usin& the 29.1 to 29.~ Glb. budjoilltly. The analysis that
Texas Instruments praen1lld duriDa the NelOtia1ed Rule Makina Commitll:le last yew,
NRMC 46. usin. me FCC analysis proJram indDted that both LMDS hubs and CPEs
could operate on the same frequencies as the Iridium uplink without bannful
interfmence. The analysis that I presen1ed ill AUlust of this year was one of direct
beam in~ractioD which abo indicated that the two syltm1S. LMDS with transmissions
from subsaiber locations aDd the Iridium..llite rec:ei\lCl'ly could operate without
barmful interference. Adjustment of sateJ1ia foot pri:Dl area by a flCtOr of ten aDd
accommodating the increased bendwidIh of the hidium receiver still indica1ed that the
two systems could sbare the ame operatinl mquencies. The~t proposed band
plan from the FCC with me limi1ed spectrum available in the 28 GHz. band mIke$ it
imperative that we work topther to aetommodate the co-sbaring of the 29.1 to
29.25 GHz fnquencies.

Mr. Stone felt that lUIIIysis ofcliftuent LMDS systems would be uec:eSlll)' to
detcrmiDe if shIrin. of the fllquencies were pouibJe. Thus. to this _ the
propo.-&I of the ditfueut LMDS SYSIeIDS. (ceDularVisioD. Bndprc. Hewlett Packard
and Texas Ins1rUmentl). met last week in Washinpon to identify each of the individual
system.....5 associaa=d with tbeir CPEs that would be • faetOl in shariDa the
same operatiDJ &equeDCiel with the Iridium sate1lite receiver and conduct analysis
using tbese parameters. Astatistical analysis based OD tile FCC aaalysis developed
during the NRMC IDd adirect beIm lDIlysis wilb both dense and spme area
distributions WeIe cOildueted durin, this 11*tin1. The results of these analyses
produced positive CII tnIfJins such that sblriDa between the LMDS CPEs IDd Iridium
in the 29.1·29.25 GHz band is shown to be possible without interference to the
satellite receiver.



Page 2
Mr. John Knudsen
September 12. 1995

The results of these analyses is provided in the attached report for your review. We
look forward to meeting with Motorola to further discuss the analysis and sharing of
the 28 GHz band.

~S'. :J?~':~l
Gene Robinson.
senior Fellow.
Texas Insuuments

cc: Mr. Dave Carroll. Motorola
Mr. Ken Bn&le. Motorola
Mr. Richard Stone. Motorola
Mr.OlIfles Brand. CeUularVisiol1
Mr. Eric Barnhart., CellularVisiOll
Mr. Shant HovDlllian. cellvJlIVision
Mr. Bernard Bossard, CeDuJarVision
Mr. Samir Kamal, Hewlett Packard
Mr. Dou& Ony. Hewlett Packard
Mr. DouB ~kie, Endpte
Mr. Leland Laopton, Texas Ins1ruments
Mr. Bill Myers. Texas WtrU11lCDtI
Mr. Paul Misener. Texu Instruments
Mr. Greg Rosston. FCC
Mr. Don Oips. fCC
Mr. Bob James. fCC
Mr. Thomu Tycz. FCC
Mr. Bruce Franca. FCC
Dr. Michlel MaR:us. fCC

.... _._-- _.--
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INTRODucnON

Local Multipoint Distribution Service proponents met September 6-7, 1995, to
conduct analysis to determine the feasibility of the various LMDS customer premise
equipment (CPE) to use the 29.1 to 29.25 GHz band as the return link frequency to the
LMDS hubs and demonstrate compatibility with the Iridium satellite receiver operating in
this band. The typical CPE parameters were determined for four proposed LMDS
systems from CelluluVision, Endg. Teelmo1oay, Hewlett Packard and Texas
Instruments. These systems all make use of narrow beam antennas (2.5 to 4 degree
beamwidth). ~turn link power control to adjUit the uansmit power for rain attenuation
and/or range (0.1 kIn to 2.0-5 km) from the OJE to the system hub and low EIRP density
at maximum range(-44.6 dBW to -52 dBW). These ParaJ'l'Ieters were then used in a
statistical analysis derived from the proll'aJD pnerated by the FCC during the Negotiated
Rule Making Committee for 28 GHz in 1994 and in a direct beam interaction analysis.
These analyses are presented in the following sections of this report

SUMMARY OF RESULTS

The results of the analysis using a statistical approach to CPE distribution and
transmission shows that the Iridium receiver carrier to inte:rference ratio (C/I) Mquirement
of 20.9 dB can be met with positive marlin. ID addition the direct beam analysis shows
that the power spectral density of -26 dBWIMHz-km ~ can be met by the various LMDS
CPE return links. Thus. the LMDS CPEs are capable of usina the 29.1 GHz to 29.25
GIh band for return links without bannful inllll'fe.rence to the Iridium satellite receiver.
Table one is a summary of the ell ratios provided by each of the LMDS systems and
Table two provides a summary of the power specttal density for dense and sparse
populated LMDS systems.

Table One: CII Ratio Analysis Summary

System Total CII MmnBeamC1

cenuJarViIion 36.7 37.1

Endgate TeehnololY 27.6 28.1

Hewlett Packard 41.9 43.1

Texas Inmuments 35.4 36.0
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Table Two: Power Density Sununary

System 2OOX400~ 2000 X 400 kin.
dBW/MHz·km : dBW/MHz-km :

Cellu1arVision -42.65 -46.65

Endgatc Technology -26.2 -30.2

Hewlett Packard -34.56 -38.56

Texas Instruments -39.67 -43.67

STATISTICAL ANALYSIS

Overview

The agregatc power density from LMDS sublcribc:r transmissions directed toward the
Iridium satellite vehicle is cakulated for four LMDS SYS1lmS. Texas Instruments. Hewlett
Packard, End.ate TechnololY and Ce11ularVision. The alP'.po~ daJsity is
compand to the satellite feeder power denaity to provide a C/I ratio. The satellite ell for
each of 4 LMDS system tulles from 27.6 to 41.9 dB with a desired CIl of 20.9 dB.

System Parameters

The satellite parameters used u inputs to the analysis program are as follows.

SV allimde-780.0 Km.
SV half power beamwidth (HPBW) =5.0 depees
SVelevation ancJe to the mle of the HPBW =7.5 decrees
SV feeder EIR.P density. -21.1 dBW/Hz
SV antenna pattem for Iridium
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LMDS system patameters that were used for the four diffemtt LMDS systems in the
analysis program are lis~ below.

Table Three: Typical LMDS System Parameters

Pammmr
Transmitter Power per RF channel (dBW)
Modulation Type
Bandwidth of RF channel (MHz)
Antenna Gain (dBi)
EIRP density (dBW/Hz)
Minimum hub-CPE ranee (KIn)
Maximum hub-CPE ranae (Km)
Tower heiaht (meters)
Hub spacina in HPBW (Km)
Hub SPlCinl out of HPBW (Km)
Maximum look anile for SO,*, blocking (Dea)

n
-17
QPSK
2.S
34
-47
0.1
5
30
17
68,

Hf
-19.6
QPSK
1.0
35
-44.6
0.1
2

l'17
68
S

W
·13
4FSK
24
39
-47.8
0.1
2.2
20
17
68
S

~
-23
QPSK
1.0
31
-52
0.1
5
30
17
68
5

CPE Antenna p&ttan envelope is specific for each LMDS supplier
(Frequency reuse is included in the hub spacing density for a rewIC factor of 4)

As noted abov~ LMDS system specific parameters are included. A common hub spacing
is used for each LMDS sys1ml. This is equivalent to CPE IpIcina for simultll1eOUS
transmissions based on a frequency reuse factor of 4. Adjustments are made in the results
for variations to these parameters for each LMDS system.

Analysis Results

Outputs rcsultinl from the proanm are JiI1lld below. Adju5Cmlntl are made for different
frequency reuse and hub densities for each LMDS system. The number of simul1aneOUS

hub receivina frequencies is equivalent to the number of CPEs transmitting
simultaneously.

Table Four: Statislical Analysis Results

Data Dmpgc wi AdiusJlDCDtl n !If Sl Q:
CPEs in SV HPBW(~ reuse 4x) 896 896 896 896
CPBs outside the SV HPBW 3940 3940 3940 3940
CIl for CPEs within the SV HPBW (dB) 36.0 41.4 35.1 37.1
CIJ for all CPEs as an aurepte (dB) 35.4 40.2 34.6 36.7
Frequency reuse Idjustrnent (dB) -7.0 (4flO)
Concentration factor (dB) 1.7 (614)
Resulting Tow Aggrelate CJI (dB) 35.4 41.9 27.6 36.7
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Adjustments for frequency reuse and concentration factors effect the number of CPEs
ttansmitting in the calculation of density and therefore are converted to a dB value. The
dB value is uaed to adjust the proll'lJ11 results. liP plans on a circuit concentration of 6x
which would reduce the number of hubs. Endgate plans a frequency reuse faetol of 20
rather than a value of 4 that was used in calculations. It should be noted that the hub
spacing derived from the population density is valid for the Endl'~Technology
deployment which is based primarily on business applications. The resultant CIl ratio is
conservative since the hub densities should be based on business distributions instead of
general population distributions.

With worst case popula1ion density, worst case subscriber density aJa, LMDS suitability
factor of lOO~ and fully loaded busy hour cimlits, this uudysis indicates the lowest
LMDS supplier aggregare CII created by subscriber transmissions is within the required
Iridiwn C/llimil

DIRECT BEAM INTERACTION

The statistical analysis approach preICJlted above provides a snapshot of the total
interlmsnce into the Iridium satellite by typical LMDS CPBs far four diffcm1t LMDS
systems. It includes inteIference from CPE antenna sKle lobes and possibly interference
from main beam infel'lCtion between the CPE anccnnu and the sa1ellite. However it is a
statistical model and as such does not provide an indication of what the interference could
be under certain WOIst cue conditions. Thcnf~ an analysis wu performed to prOVide
an estimate of the worstwCUe interference clDled by LMDS CPB main beam interaction
with the main beam of the Iridium satellite.

Overview

The computer model WU ex~ciIedover many diffemltpome1lies with diffelent initial
conditions. Althouch the results indicate that the expected iDterfclence from LMDS CPEs
into the Iridium satellites is low, conc:cm has been expressed that the model may not
provide information about the intaference under certain worst-QR pomeuies and CPE
operations. Therefore a separate model wu developed to enalyze the interference into the
Iridium satellite by CPE tranRnitll:rS when the~s are adjusted for worst-case
conditions. This model does not provide any esUmate of the probability of this result. but
only es1ab1ishes an upper bound on the interference baaed on the worst-case conditions for
direct main beam interaction.

The first step is to define the worst cue scenario. Altboup a "worst-<:U8" could be
dcfmed for aU <l'E 8IltaIm5 coup1ina into the Iridium satcUite, tJUs would be eompletdY
unTeI1istic: becaU!C of the CPS distributiom. Therefore we should defille the worst-QSe
scenario as one which is realistic, altbouCb hiahlY improbable. The worst-case scenario
will be defined based on the desip puarr.etets of the different LMDS systems and the
expected deploymmt scenario. The iUI81ysis will be performed for the various LMDS
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system implementations and for two satellite footprints. The wOISt-case earth-satellite
geometry is assumed to be one which p1lK;es the satellite antenna 2.5 degrees above the
horizon. All CPE antennas ue assumed to be pointed at the horizon. TherefOIe the
Iridium satellite "sccs" all CPE antennas poinred in the direction of the satellite. Although
the CPE antenna-satellite distance varies over the satellite footprint, this distanee is
assumed to be ~ual to the distance between the Iridium preway and d1e satellite in each
case. The analysis calculates the total LMDS CPE power spectral area density in the
satellite footprint for this worst-case scenario and shows a range of -30.2 to -46.65
dBW/MHz_kln1 for the large satellite footprint.

System Parameters

Thse may be numerous LMDS system implementations. Therefore the analysis was
performed for four typical LMDS system implementations which represent a broad rlllie
of system parameters and distribution geomClUies. The analysis was also performed for
different system operatin& parameters. The LMDS system pararnet=s used in the analyses
are shown in Table Five. The satellite panmetas ale shown in Table Six. The parameters
are based on maximum capacity and assume the full ISO MHz mum bandwidth is utilized.
The satellite elevation lillie and subscriber antenna elevation angles are adjusted to
provide maximum interference on the horizon..

Table Five: Direct Beam LMDS Sys1lm Parameters

System Parameter

1. Number of Sublcriber Channels in 150 MHz BW
2. Number of Subscriben per Node in 150 MHz BW
3. Subscriber Distribution
4. Subscriber Duty Cycle. CI
S. Subscriber Antenna Elevation AngleJ degrees
6. Subscriber Antenna Gain. dB
7. Antenna 3 dB Beamwidth, depees
8. Subscriber TX bandwidtbJ MHz
9. Subscriber TX Power. Clear Air. dBW
10. Hub Dmsity (Actual No. HubsIMuimwn No. Hubs)

a. In 200 kIn X 400 kin footprint
b. In 2000 kin X 400 kin foo1print

11. Cell (hub) spacina. kin

(TI) (CV) (HP) (EG)
Sys 1 Sys 2 Sy! 3 Sys 4

60 150 150 6
'760 14400 3600 120

---------...tJJtif~-·····--··---
4 4 4 100
2.' 2.5 2.5 2.5
34 31 3' 39
2.5 4.0 3.0 2.S
2.5 1.0 1.0 24

-17 ·23 -19.6 ·13

0.2~ 0.2S 0.2' 0.25
0.1 0.1 0.1 0.1

5 5 2 2.2
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Table Six: Direct Beam Satellite Parameters

1. Satellite Footprint
a. Small
b. Large

2. Allowed Power Spectral Density
3. Receiver Bandwidth
4. Satellite Elevation anJ1e~ degrees

200 kIn X 400 kIn
2000 krn X 400 kin
- 26 dBW!MHz-km2

6.25 MHz
2.5

In addition to these parameters, a number of assumptions about the system WelC used in
the calculations. Thae assumptions are:

Percent of CPE signals having same polarization as satellite
Percent of CPEs having cleu LOS path to satellite
Percent of CPEs simultaneously active

Direc:t Beam Interaetion Analysis Results

The system parameters for the four systems wae used to analyze the expec1Cd
int.erference level radiated from within the satellite footprint. Two footprints were used:
200 X 400 km and 2000 X 400 kIn. The total intaferenc:e was calculated in tams of
dBWJMlh-bn~. The analysis proecdure and equations are described in the following
paragraphs and summarized at the end.

The first step is to calculate the Effective Isotropic Radilted Power (ElRP) from any CPE.
This is calculated as follows:

PIlIP =Pnc + GrxANt

The ElRP Power Spec1rll Density is then calculated, based on the channel bandwidth for
the particular sys1an:

PSDgp = Pmr • 10 101 (BW)

Since Adaptive Power Control is used at eath CPE to nornalize the received power at the
node or hub 1Iltenna. the averqe power of the CPE transmitter can be used. The aVeDle
power is taken to be the power avcrape! over all CPE transmitters asaocWed with a hub.
Since the CPEs are unifonnly distribDted in area about the hub. the IV••power is the
power rldia.. by a CPE located on the boW1dary of a circle which equally divides the
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coverile area of a hub. This distance is O.7fJ7 R. where R is the cell radius. (The area of
the hub coverqe is 1tR2 and the area within the circle boUDded by 0.707 R is (0.707i· d 2

:II O.51tR:.) Hence the averqe CPE TX power is 3 dB less than the power at maximwn
range; hence the PSD is also 3 dB less:

PSo., = PSDgp - 3 dB

The next step is to determine the avenae Il'Ca usociated with each subscriber which
causes interference into the satellite so as to derenniDe the PSD Ilea density. The first
step toward this objective is to determine the averaae number of subscribers associated
with a hub which can be transmitting on the same frequency. This is simply the total
number of subscribers supported by a hub divided by the number of unique frequency
channels.

N. (Total No. Subscriberslhub)/<Numbet of frequency channels)

The averqe number of subscriber or CPS antennas which couple with the satellite antenna
is simply the ratio of the CPE antenna beamwidth~ 9 ~ to 360 degteeS multiplied by N:

n-N8IJ60

Now the avaaae area associated with an intaferinC subscriber can be computed. It is the
lOW area, A. served by a hub (with cell radius R), divided by n:

Now the desired Power Specual Area Density. '4' ~ can be calculated:

'4' = no.., .. 10 )o,(1tR1/n)

1be units of" are dBW/MIU-Jgn%. This value assumes that all sublcribers transmit with a
looc. dutyf~. This is the cue for some systems (e.I., Endpte TecJmololY).
However odacs are able to serve the stated number of subscribers bued on a duty factor.
In those cues. the Power Spectral Area Density value must be adjusted for the duty
factor:

.'= '4' +10 lOI(duty factor)

This is the aVerBle value 1SSOCia&ed with • sincJ.e hub. The~ step is to adjust the value
for the wide area covered by the SlIe11i1l= footprint. Since the value is per unit area. it is
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only necessary to adjust the value based on ratio of coverage. The following factors are
applied:

PI Percent of CPE signals having same polarization as satellite
P2 Percent of CPEs having clear LOS path to satellite
PJ Percent of (1)Es simultaneously active
p4 Percent of Hub coverage

For 200 X 400 kID footprint
For 2000 X 400 km footprint

5K - 3dB
SOCJ& - 3 dB
50% - 3 dB

25% -6dB
l~ -lOdB

The final Power Spec1l'al Area Density. 'I' • is the effective value for the LMDS CPEs
located within a speci&; uteJlitetootprint (either 200 X 400 krn. or 2000 X 400 kin). It
represents the wont case (realistic) power specnlllQ density seen by a satellite located
at an elevation angle of 2.5 degrees and "seeing" the CPEs located within a CPE antenna
bcamwidth. This does not include any CPE sidelobe radiation, but only the radiation from
the CPE main beam.

The analysis was impJanen1ed using a spread sheet to pcdonn the calcu1atious. The
results are tabulated in Table Seven.

Table Seven. Typical CPEIIridium Smllite Direct Beam IMeraction Analysis

n CV HP EO
Sy! 1 Sys2 SY53 Sys4

No Sub Ch in ISO MHz BW 60 150 ISO 6
No SubINode in 150MHz BW 5760 14400 3600 120
Sublcriber Duty Cycle 0.04- 0.04 0.04 1
Sub Ant Gain. dB 34 31 35 39
Sub Ant Bam Width, Dec 2.S 4 3 2.5
Sub 1X BIIIdwidth, MHz 2.5 1 1 24
Sub TX Power. dBW -17 -23 -19.6 -13
HubS~km 5 5 2 2.2

AVIPSDIMHz 10.02 5.00 12.40 9.20
Psi. dBWIMHz-!CJ km -10.69 -13.67 -5.58 -11.2
Psi with duty factor applied -24.67 -27.6S -19.56 -11.2

PSAD. Small Footprint -39.67 -42.65 -34.56 -26.2
PSAD. Large Footprint -43.67 -46.6S -38.56 -30.2
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The analysis was co~letcd for the four typeS of systems and for two footprint areas. The
results are sUl'l'lmll'ized in Table Eilhl

Table Eight: Typical LMDS CPE/lridium Main Beam Interaction Analysis

Power Spectral ARa Density. dBW/MHz_tm2

For 200 kIn X 400 tm~i For 2000 kin X 400 kIn Area

Texas Instruments (Sys 1) ~39.67

CellularVision (Sys 2) -42.6'

Hewlett Packard (Sys 3) -34.56

Endaate Technology (Sys 4) -26.2

-43.67

-46.65

-38.56

-30.2

The results indicate that the Power Spectral Area Densities Ile below the levels necessary
to provide the required CII ratios al the satellite for the Jarac foot print cue, even under
the worst cue scenario. Even when combined with the intederencc caused by CPE
antenna sidelobes, the levels &Ie well below the tolcrlble levels (-26 dBWlMHz-i:m2

) for
the satellite. When the satellite is well above the horizon. the main beam coupling wiD be
sipificantly Ieduced. Therefore it is concluded that LMDS 0'Es will not cause sufficient
interference into the satellite to deJrIdc pafolmlllCe of the satellite even UDder worst case
conditions. This is Ithievecl widlout any system constnints other than antenna sidelobe
control, EIRP control and PSD control.

CONCLUSIONS

The CI1 ratio results usina the S1IIistica1 approICh for CPE distributioft aDd mum lint
operation, and the d.:ireet bam intene:tion analysis shows that the Iridimn satellite receiver
is not affected by the CPE mmm liDk tnnamission. In addition, the direct beam
inu:nctiOllllll1ysis yieldecl power spectral densities lower than the specified -26
dBW/MHz _tm2

, Thus. ODe can conclude that LMDS sy..-au desiped for the tel'muial
applications QJl co-exist with the Iridiam system and not cause baxmful buelference to the
Iridium sateUiterec:eivers when the 29.1 to 29.25 GHz spectrum is used u return links
from the LMDS CPSs to the hubs.
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Append~ A. Statistical Propam Description

For analysis of the aapesate power emanatinc from a large area. the program written by
FCC enaincer Harry Ng was used with modifications to accommodate subscriber (CPE)
transmissions. Modifications include the addition of subscriber antmma patterns. random
subscriber-ta-hub distance, power control, and a rmdom azimuth for CPE transmission.
The subscriber-ta-hub distance is baed on a maximum and minimum hub range.
Subscriber antenna elevation anile is calculated from hub tower height and distance from
the hub. Following is a description of the program calculations.

Inputs to the proaram are as follows.

- satellite altitude
- satellite half power beam width and antenna pattern
- satellite elevation anile at the edae of the half power beam width
- satellite earth station feeder liDk radiated power density
- CPE radiated power deDsity at maximum range to the hub
- hub or CPE spacina within the footprint
- hub or CPE spacing outside the footprint
- hub tower height
- maximum CPE range to hub
- angle where CPE pam blocting is expectecl

The propam loops throUSh latitude swaths equal to the CPE spacing. For elCh swath. the
power as seen by the satellite Uu:nn&, is computed fOf ech simultaneous CPE
transmission. A mauix of latitude and lcnptade calcWations is pafClltDlld and the power
is accumulated to obtain the aureaate power into the satellite. Each latitude swath is
summarized in the output with the angle from 1he en to the satellite in S depee bins.

To accurately model the subscribcf radiated power directed toward the satellite, the
pointing angle of eKh sublcribclantcDDa is l'IDdomly selected over 360 decrees with a
unifonn distribution. The azimulb and eleva1ion angle of the subsaibcr antenna is used to
calculate antenna pattern pin and the look-an&1e to the hub.

Look-_lie to the hub i. detamiDed from the tower heiiht and subtaibct to hub distance.
Baed on the maximum rule to the hub, the distance to me hub is randomly seleaed
using square root of uniform distribution. The square root applies becaue subscriber
density varies by area and the area varies by the square of the distance &om the hub. Once
the look-anale is caku1ated. the lUlIle to the sa1ID1Iite is calaJlated from the sate1Jite
geometry and the 5ubscriber antenRa pattern is intelpOlated to find the radiared power
density directed toward the satellite.
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Subscriber poWeI is based on the distanee from the hub. Radiated power is reduced by the
20*101 the ratio of the rlDdomly selected distance to the hub and the maximum ranee.

Blocking is expec:1ed for low elevation anaJes of subscriber transmission such that line of
sight to the satellite is blocked for SO~ of the subscribers.

The aureaate power at the satellite is computed for locations in the half power
beamwidth and outside the half power beam width. The toW from both inside and outside
the beamwidth is compared to the feeder power density to determine the CI1 ratio.

The number of hubs in the footprint is pometrically computed from the SV antenna
beamwidth, SV altitude and elevation angle to satellite and is provided as an output The
number of hubs outside me half pawa' beamwidth is also an output
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Appendix B. PopulationlSubscriber Density Calculations

The number of simultaneously llBnsmitting subscribers is based on the hub circuit
capacity. To detennine the number of subscribers (CPE!) transmitting simultaneously
within the SV footprint. high density area of the United States were used to calculate the
number of hubs required. Footprint orientations of North-South alona the NorthelSlCm
seaboard and East-West from the Northeast seaboard are summari%ed by state in the table
below.

Table B.l PooUIatioD and Area for Narda-South aDd East-West FootDrints
State North- Population Area x1000 East· Population Area

South (millions) (sa J(m) West (miDions) (KSQKm)
NH X 1.1 24.2
VT X 0.6 24.9
MA X 6.0 27.3 X 6.0 27.3
Rl X 1.0 4.0 X 1.0 4.0
cr X 3.3 14.4 X 3.3 14.4
NY X 18.2 139.8 X 18.2 139.8
NJ X 7.8 22.6 X 7.8 22.6
PA X 12.0 119.3 X 12.0 119.3
DC X 0.6 .2
DE X 0.7 6.4
MD X S.O 32.1
VA X 6.4 110.8
WV X 1.8 62.8
SC X 3.6 82.9
GA X 6.9 154
OH X 11.1 116.1
MI X 9.5 250.7
lL X 11.7 150.0
IN X '.7 94.3
WI X '.0 169.0
Totals 75 825.7 43 780.1

From the table above, the worst cae foocprint density would be North to Soudt covering
the NOI1beast and Mid·Atlantic coast. The aNI approximates a footprint of 4OOx2OOO kmz

and contains apopulation of 75 million people. UsiD,1D averaac 3 people per
household, the number of households would be 2' million.

Bued on the upstream cifcuit caplCity of the hub. the number of hubs required to lerYe
the densely populated Northcastan area is deacribed above. 1be number of subscribers
transmitting is detamincd by the hub capeQty. Wont case busy how: ma.imum loading is
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assumed such that all frequencies of all hubs are 100% active. The worksheet table below
provides the calculation for avenae hub spacing for the satellite footprint This table, for
example. is for the n system which uses the fonowing system parameters.

a) Take rate factor ~ 0.25. This factor is a conservative estimate of the nwnber of
subscribers CCPEs) that would desire 2-way service.

b) Concentration = 4. This is the system circuit concentration (inverse of Ertan&).

c) Frequency reuse. 4. The hub !nquency is reused 4 times by providing 4 sectors with
al_nating polarization. In order to account far all CPE frequencies active at one time the
spacing is baed on 4 times the number of hubs.

d) Capacity of each hub is the worst case if the entire 150 MHz were loaded with RF
channc1s.

e) Active CPE refers to the number of reused flcquencics at the bub.

TableB.2 Calculation W<dsheetfor-
. .

HubS
.

1 B C 0 B f
2 rrEMlNPUT CALC INPUT RESULT UNITS
3 Total Households 2.SOE+07 HOUIIholda
4 Take Rate Factor D3·04 0.25 62 Sublcribers
, Ci!cuit concentration B4/D, 4 1562.500 CmJits MQuired
~ I- .

of each Hub DSJE6 '76Cl 271 Hubs
.

7 FrCClUCDCY reuse factor E61D7 4 lOSS C'Es
8 •• POI 4OOx2OOO SQ. Km. footllrint: ••
9 ANal - . Sa. Km.on

10 Averaae area Del'~. CPE D9/E7 737 SQ.Km.aE
11 Avera. Sl'lCina (400x2000) El0i'0.' 27 Km.
12 ··For .. . 200x1400 sa. Km. Ii . t: ••
1- ,_.. • {I . .. SQ. Km.
1.- Avaaae II'C& Del' active CPE Dl31E7 ~8 SQ.KmJO'E
U A"....

. (2OOx1400) E141\O.' 16 Km.

Table note: The oriPW SJ*ina for 200x1400 footprint did not ~lude Ma SC and GA
due to the smaller footprint and was baed on a CPE spICing of 17 Km.. The agpegate
powC'Z calculations use 17 Km. spacinl and was not chan&ed to reflea the 27 Km. spacing
now being predicted for the luser footprint.

Hub and CPE density outside the footprint is baed on similar calculations for the
continental US.
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The nurnbel' of CPEs transmittine on any frequency is equal to the hub CipKity to receive
the circuits. The hub density IIId averap CPE splcina was cak:ulated for the 11 system
for use in inlelfc:n:nce calculations. Other systems may be correlated to the results by
applyin, a fac:tor for the difference between system densities. For example, for the
CellularVision system the averqe spac:ina for the wae footprint (row 11. column Bof
Table B2) would be 43 kin. resultinl in an Idditional maqin for the CII ratio. This density
also asswnes worst case of 100'11 suitability for LMDS. In aetuality. not all area or
populous is suited for LMDS due to coverage, competition from other services or for
economic reasons.


